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Abstract
One of the most important decision in retailing is the choice of sales channels for commercial products. To support this 
decision, the multicriteria method TODIM-FSE can be used. TODIM-FSE is a new multicriteria classification method based 
on the TODIM method and the Fuzzy Synthetic Evaluation approach. A case study is presented in this article, using TODIM-
FSE, which can be programmed in spreadsheets.  
© 2015 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the organizers of ITQM 2015
Keywords: Location of Department Stores, Multiple Criteria Decision Analysis, Multicriteria Classification, Fuzzy Sets, Prospect Theory.
1. Retail location analysis: a multicriteria problem
In spite of world economy retraction in recent years, Brazilian retail still shows expressive results as compared 
against other sectors. In Brazil, the clothing retail segment has been one of the most relevant of the economy. 
The company whose case study is presented in this article is by far one of the most important retail company in 
Brazil. It has a history of 50 years, more than 200 stores in different regions of the country, more than 15,000 
workers and it is active in the virtual market. This company has growth exponentially in the last 15 years. 
In this article, we focus on the "P" factor, i.e. retail location. The company is seeking the best strategy to define 
the location of a main street store in a particular area of a major Brazilian city. By considering the traditional 
framework of the retail location analysis, several factors are considered relevant by the executives of retail 
companies such as: sales per m2; real estate size; number of floors of the real estate; costs of lease; pedestrians 
flow; neighboring population; ease of access; parking facilities; potential competitors; local security; visual 
accessibility; supply chain and its logistics; local law. All these factors are very important for a proper choice for 
a store location decision. For the case study, the decision makers are able to choose the most relevant factors in 
order to simplify the decision model to be used in this analysis.
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According to Deale (2012), the appropriate location is one of the few effective ways that physical stores
retailers have to compete with the fast evolution of giant firms of e-commerce. For Salmon (2010), location is 
the main driver of retail. This factor is indeed extremely powerful, producing many financial benefits and 
providing business growth or its decline, even when there is an entire marketing effort to reverse low performance. 
When choosing a location, the retailer makes relevant fixed investments, whose reversal is difficult and long 
lasting when compared to other factors that make up the company's market mix. In other words, reverse the 
wrong choice of a retail location is much more complex, expensive and require much more time than the strategy 
of modifying products or prices by the company performed in the same location.
Considering the strategy for locating a store, it is also important to analyze the factors that provide the 
performance difference between a store located in a main street and another one located in a shopping center. 
The main street stores can function in different operating hours differently from these in shopping centers. 
Besides, a main street store is more prone to security problems and climate events that impair pedestrian traffic 
as well as parking problems that may lead to more difficulty to provide comfort to customers. However, the 
presence of large retailers, mainly as department and mega stores, is very relevant to the location of main street 
stores. As a matter of fact, this happens not only in Brazil but worldwide. Main street stores are usually located 
in large urban centers, especially in regions where there is large concentration of offices and shops and intense 
pedestrian flow.
Despite the importance of a proper choice of a retail location to start business, most retail companies do not 
work properly in this matter. Those companies frequently consider not all really relevant aspects and run their 
location analysis in an unstructured way. The limited availability of commercial spots available in major cities 
also affect the choice of suitable store locations, forcing decision makers to open a store located in a particular 
market, even in adverse conditions, which can make business profitability far shorter than the desired target. 
There are strong reasons for using a multicriteria classificatory approach to solve such a problem and these 
reasons are the following: (1) multiple criteria must be taken into considerations and those criteria normally 
conflict one against the other; (2) retailing decision makers are considerably helped if their location analyses rely 
on a comprehensive classification of alternatives. On the other hand, relatively few multicriteria classificatory 
methods are available and those methods tend to be too technical to be understood by most practitioners.  
Having those usual limitations in mind, this article makes use of a new method for multicriteria classification 
of retail location alternatives inspired in the TODIM method (Gomes and Lima, 1991, 1992; Gomes and Rangel, 
2009). This new multicriteria classificatory method is named TODIM-FSE (Passos et al., 2014). TODIM is an 
acronym for ‘Interactive, Multicriteria Decision Making’ in Portuguese. The original TODIM method is a 
multicriteria ranking method founded on Prospect Theory (Kahneman and Tversky, 1979). A number of 
extensions of TODIM are available today  (Gomes and González, 2012; Gomes et al., 2013a; Gomes et al., 2013b; 
Krohling et al., 2013). The TODIM-FSE method is based at the same time on Cumulative Prospect Theory 
(Tversky and Kahneman, 1992) and Fuzzy Synthetic Evaluation (Lu et al., 1999). There are relatively very few 
multicriteria methods for classifying alternatives as compared against multicriteria ranking methods. Among 
these, ELECTRE TRI and UTADIS are very likely the most widely used methods (Zopounidis and Doumpos, 
2002; Doumpos and Zopounidis, 2002). TODIM-FSE is therefore a new methodological option for multicriteria 
classification of alternatives.
2. Case study
An important retail department stores company in Brazil is looking for a commercial spot to start an operation 
in the center of the city of Rio de Janeiro, where there are no stores installed in main streets, but in shopping 
centers only. The company has more than 90% of its stores located in shopping centers scattered in the whole 
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country. However, their relatively few main street stores have excellent results and are very well accepted by 
customers and stakeholders.
The steps below are then followed in order to solve the problem, considering TODIM-FSE method.
Step 1: Defining decision makers and decision analysts. The decision makers are real estate managers, 
executives of the company's stores, as well as its operations director. The decision analyst is the author of this 
article.
Step 2: Analyzing and structuring the retail location analysis as a multicriteria classification problem. 
Executives were informed about the proposed decision-making process and what kind of results would be 
provided, based on information collected about the potential commercial spots. This step should be thoroughly 
discussed with decision makers, aiming to make the process as clear as possible. This responsibility belongs to 
the decision analysts who will present, develop, and calibrate the mathematical model to be applied (TODIM-
FSE). Executives are also heard regarding their values and objectives related to the retail location analysis.
Step 3: Setting the classification criteria. After a number of talks with the executives involved, some location 
criteria for the decision model are identified. All these criteria are very important for a proper choice of real state 
location. In studies conducted by other authors and surveyed for this article (Deale, 2012; Salmon, 2010), it is 
possible to verify the presence of all criteria cited by decision makers of the company in study. In this case, the 
decision makers have chosen in a second step the most relevant criteria to simplify the decision model to be used. 
The choice was made as follows: each of the decision makers assigned a score from 1 to 13 for each of the criteria 
originally suggested, where 1 corresponded to the highest and most important score and 13 to the lowest and 
least important one. The scores from all decision makers were summed and weighted. This then led to identifying 
the 5 most important criteria as follows: 
- Sales per m2 or SM (R$ / m2): It is possible to evaluate the productivity of a store in relation to a benchmark, 
both inside the company and in the same segment where the company operates. It deals with the relationship 
between the store sales and its total area in the second year of operation to discount the effects of opening, which 
considerably distort the curve of store sales.
- Real estate size or RES (in m2): The size of the real estate is very important in this process. It defines the 
number of departments that may be assigned to the store, depending on the space that is available.
- Cost of lease or CL (R$): The amount due to the cost of the occupation of space directly impacts the ROI 
(Return On Investment). Therefore it is very important in the evaluation of a potential commercial spot in the 
study. 
- Visual accessibility or VA: Opportunities for disclosing store through doors and windows available to the public 
are considered important by executives, as they allow the work flow in the vicinity of the store, creating
promotional attractiveness. In this criterion, therefore, we consider the quantity of windows and doors available 
in each commercial spot.
- Competition around or CA: Although it may seem contradictory, it is important to locate a store near competitors,
when one is analysing the potential department stores located in a main street. Competitors tend to generate 
pedestrian flows and create a natural orientation to customers in the area. In this case study, the amount of direct 
competitors (i.e., other competing department stores) located on the same area of each potential commercial spot 
are considered. 
By inspection and considering similar contexts, one can see that these five criteria are not interrelated in 
practice and therefore can be used in the retail location analysis.
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Step 4: Defining classes and contribution functions. One now decides on the strategy for treating each of the 
five location criteria described above. This depends if the criterion is quantitative or qualitative. For this case 
study, one defines four categories of evaluation: Excellent, Very Good, Good and Bad. From those categories 
contributions are defined that will be assigned to each location criterion, considering their respective contribution 
functions or tables.
In order to maintain the confidentiality of the company, the values obtained for quantitative criteria are
normalized as follows: the values obtained for each commercial spot available in a criterion are divided by the 
highest values obtained for that criterion and multiplied by 10. One then sets the value of 10 as the maximum 
value read in the respective criterion. All data used for the model application were provided by the company, 
obtained through field surveys, with the real state owners and with the consulting companies engaged in the 
production of statistical data.
By following this procedure, one then obtains the contributions functions for “Sales per m2”, “Real estate size”
and “Cost of Lease” criteria defined with trapezoidal functions for each of the evaluation categories.  For the 
“Visual accessibility” and “Competition Around” criteria, one uses the contribution values in a table.
Step 5: Defining the relative weights of the criteria. To identify the weights that characterize the relative 
importance of criteria, we can use a procedure such as direct ratings. In this case study, the following weight 
vector is obtained: 
[0.467 (for SM)    0.196 (for RES)    0.201 (for CL)   0.107 (for VA)  0.029 (for CA)] (1)
Step 6: Classifying each alternative in one of the proposed categories. One now works with data of each five
potential commercial spots. The locations of the potential commercial spots are also omitted for the reason of 
confidentiality of the company. The 5 potential commercial spot are identified here as Point 1, Point 2, Point 3, 
Point 4 and Point 5. 
The criteria contribution for each of the commercial spots are grouped. To accomplish this, one must use the 
contribution tables as presented earlier for the qualitative criteria “Visual accessibility” as well as contributions 
functions, for quantitative criteria, such as presented for the “Sales per m2” criterion.
By applying the equations of TODIM method, now under the form of TODIM-FSE (Passos et al., 2014), one 
obtains dominances matrices for each commercial spot. Next, the ratings for each potential commercial spot are 
determined by considering the categories proposed for the case study (Bad, Good, Very Good and Excellent). 
Values were used for T = 1.00 and T = 2.50 to demonstrate the robustness of the model as shown in Table 1.
Table 1. Rating for each commercial spot, considering T = 1.00 and T = 2.50.
Step 7: Validation analysis. In this step, one makes use of well-known and existing benchmarks within the 
company in order to adjust the contributions functions and tables for each criterion. This allows one to be able to 
set referential comparisons that may or may not support the expectation of decision makers. By proceeding this 
ڧ  ڧ  ڧ  ڧ  ڧ  ڧ  ڧ  ڧ  ڧ  ڧ 
Bad 0.06 0.02 1.00 1.00 0.00 0.00 0.00 0.00 0.45 0.44
Good 1.00 1.00 0.00 0.00 0.00 0.00 0.73 0.83 1.00 1.00
Very Good 0.7 0.71 0.19 0.24 0.48 0.38 1.00 1.00 0.80 0.92
Excellent 0.00 0.00 0.29 0.44 1.00 1.00 0.52 0.54 0.00 0.00
Point 2 Point 3 Point 4 Point 5
Categories
Point 1
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way the previous classification can be calibrated by taking as references, for example, existing stores that have 
shown very good historical results.
One then considers a main street existing store and its historical results exceeding one year in order to run the 
validation analysis. This store presents results that exceeded expectations of decision makers since its 
inauguration and is consistently evolving. Here, one is using the values for the 2nd year of this "benchmark store" 
in order to have a comparative period similar to those proposed for the commercial spots in the case study. The 
benchmark store is classified in Table 2.
Table 2. Final standings for benchmark store using the model developed for the study of the five potential commercial spot, with ș = 1.00 
and ș = 2.50.
In this last step, the company decided to use TODIM-FSE only for one concludes that the model appropriately 
rates an existing store by considering the weights provided by the decision-makers as well as the model proposed 
for the location analysis by the decision analysts, i.e. TODIM-FSE.
3. Conclusions
TODIM-FSE has proved to be effective as a multicriteria classification tool for the problem considered in this 
case study as such problem has been adequately solved. An important characteristic of the method is its relative 
simplified mathematical formulation, without pre-requirements as in UTADIS classification method, which uses 
linear programming in its formulation. Nor it requires the use of relatively many parameters as when ELECTRE 
TRI is used. This enables users with any training to use it with less difficulty. The validation analysis, although 
not a required step of the classification process, can be quite useful in order to adjust or calibrate the previous 
classification. As such, this validation analysis is not available in other multicriteria classification methods such 
as UTADIS and ELECTRE TRI (Doumpos and Zopounidis, 2002; Zopounidis and Doumpos, 2002). In spite of 
those significant advantages over other multicriteria classificatory methods it is strongly recommended that a 
decision analyst should always be available as a true facilitator in applications of TODIM-FSE. This decision 
Bad 0.00
Good 0.29
Very Good 0.78
Excellent 1.00
Bad 0.00
Good 0.28
Very Good 0.66
Excellent 1.00
ɽсϭ͘ϬϬ
ɽсϮ͘ϱϬ
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analyst should therefore function as decision aider. As such, he/she should play the role of a “decision engineer” 
(Roy and Bouyssou, 1993, pp. 21-22).  
Besides it relative simplicity, the main differentials of applying TODIM-FSE to a practical classification study 
therefore are: (1) use of the contribution concept indicating how a criterion contributes to classifying a potential 
alternative in a given class; and (2) consideration of Cumulative Prospect Theory as embedded in the TODIM 
method equations which are the same as in TODIM-FSE. 
It is worth noticing that although the contributions functions of TODIM-FSE are similar to membership 
functions of fuzzy sets theory, the knowledge of such theory is not really necessary to construct them. On the 
other hand, it must be said that, being a new multicriteria classification method, its consolidation still demands a 
large number of applications in order to test it and eventually improve it. In any case, TODIM-FSE presents itself 
as a new methodological option for multicriteria classification. The retail company decided that TODIM-FSE 
should be the only method used in this case study not only because their executives could understand it and use 
it but also because it is a novel multicriteria classificatory method that fulfilled the present needs of the company. 
For future studies, however, they expect to be able to compare with other equivalent procedures such as UTADIS 
or ELECTRE-Tri (Zopounidis and Doumpos, 2002) 
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